Objective: To determine the effectiveness of antiplatelet and/or anticoagulant therapy (AP/AC) at reducing ischemic events in patients with Large Vessel Vasculitis (LVV). Methods: We performed a random effects meta-analysis of studies examining antiplatelet and/or anticoagulant therapy (AP/AC) and ischemic events in Takayasu's Arteritis (TAK) or Giant Cell Arteritis (GCA). Severe ischemic events were defined as stroke, ischemic ocular manifestations and claudication symptoms. Any ischemic event included jaw claudication in addition to the above manifestations. Results: Seven studies met inclusion criteria: 1 TAK and 6 GCA. The majority of patients (>80%) were treated with ASA and treatment was initiated prior to diagnosis of LVV. Risk of severe and any ischemic event in patients with LVV treated with AP/AC versus no treatment was not significantly different (OR 0.570, 95% CI 0.243, 1.340 and OR 0.594, 95% CI 0.248, 1.421, respectively). For studies with follow-up data (26-76 months), AP/AC was protective for severe ischemic events (OR 0.18, 95% CI 0.04, 0.83). Findings were similar when excluding studies that did not account for potential confounders, such as cardiovascular risk factors. Conclusion: At follow-up, antiplatelet therapy significantly decreases ischemic events in patients with LVV. However, in most cases of GCA, the treatment was initiated prior to the diagnosis of vasculitis. The benefit of initiating anti-platelet therapy at the time of GCA diagnosis remains unclear.
Introduction
Large Vessel Vasculitis (LVV) refers to a rare condition of systemic inflammation with involvement of large and medium sized blood vessels. Two of the major types of LVV include Giant Cell Arteritis (GCA) and Takayasu's Arteritis (TAK). GCA affects patients over the age of 50 and affects women more often than men while TAK typically affects women under the age of 40 and has a predisposition for people of Asian descent [1] [2]. The incidence of both conditions is rare: 100 -250 per million for GCA and 2.6 per million for TAK [1] - [3] .
Although distinct entities, GCA and TAK share similarities in their pathogenesis [4] , both conditions can result in ischemic complications which are the presenting symptoms at diagnosis. GCA frequently affects extra-cranial branches of the carotid artery resulting in jaw claudication, scalp tenderness, blindness, transient ischemic attacks (TIA), and strokes [5] - [10] . Limb claudication may also occur from involvement of the subclavian, axillary, and brachial branches [11] - [13] . TAK typically affects large arteries especially the aorta and may manifest as regional pain over the affected area. Less commonly it results in TIA, stroke, myocardial infarction (MI), and visual symptoms [14] - [16] .
The treatment of GCA and TAK and the prevention of ischemic complications have mainly relied on immunosuppression in the form of corticosteroids. Additional immunosuppression is usually required for TAK [17] [18] . As an adjunct therapy, antiplatelet agents have garnered much interest in the prevention and treatment of ischemic complications.
Low dose aspirin (ASA) has been well studied in the prevention and treatment of cardiovascular events decreasing morbidity and mortality in patients with cardiovascular risk factors [19] . Nonetheless, ASA is not without risk. Its inhibitory effects on prostaglandin synthesis can result in gastrointestinal bleeding events, and less commonly, it has been associated with intracranial bleeding. The Antithrombotic Trialists' Collaboration [19] has suggested that its use for primary prevention in cardiovascular disease be assessed on an individual basis. The difficulty with LVV is that we are unable to predict who will develop this condition. Thus the important unanswered question is twofold: 1) is ASA beneficial in preventing ischemic events in LVV and 2) are the benefits present if therapy is started at the time of LVV diagnosis.
There are no randomized controlled trials of antiplatelet or anticoagulant therapies in LVV. Observational studies in GCA patients have found conflicting results regarding ASA in preventing ischemic events. However, in 2008 The European League against Rheumatism (EULAR) [20] recommended that all patients with GCA be on low dose aspirin (ASA). Our study sought to review the literature and evaluate the current evidence for the use of antiplatelet and/or anticoagulant therapies in the prevention of LVV-related ischemic events.
Methods

Literature Search
We performed a literature search of the following bibliographic databases: Medline (1946 to August 2012), Embase (1974 to August 2012), and Cochrane database. We also performed a search of abstracts available through the American College of Rheumatology (ACR) (2006) (2007) (2008) (2009) (2010) (2011) 
Study Selection
Studies were included with 1) patients meeting ACR criteria for GCA or TAK and 2) patients treated with AP/AC therapy. Citations were first screened by reviewing the title and abstract to retrieve relevant articles. The retrieved articles were reviewed in full. Case reports, case series, reviews and non-English articles were excluded. A hand search of the references in relevant papers was also conducted to identify any additional articles that would address our objective.
Data Extraction and Quality Appraisal
From the included articles we extracted information including publication type, number of participants, patient characteristics, intervention medications and doses, mean duration of follow-up, number and risk of ischemic events, adverse events and whether the study adjusted for confounders. Authors were contacted to obtain missing data.
The quality of data was assessed for the intervention and outcome of interest using two different scales. Cohort studies were appraised using the New Castle Ottawa Scale (NOS) [21] . Cross sectional studies were appraised using the STROBE guidelines [22] . Publication bias was assessed using Funnel plots. Literature search and article review was conducted by two independent assessors and any discrepancies were discussed and agreed upon. Studies were classified as being low, medium or high quality.
Statistical Analyses
Random effects meta-analysis (DerSimonian and Laird method) was performed to determine the primary outcome: risk of severe ischemic events in patients treated with AP/AC versus those not treated with AP/AC expressed as an odds ratio (OR). The majority of the studies reported the outcome of interest as an odds ratio (5/7 studies). For the other 2 studies, we derived the odds ratio from a 2 × 2 table. Severe ischemic events were defined as: transient ischemic attack (TIA), stroke, ischemic ocular manifestations and limb claudication. Studies reporting on any ischemic event included jaw claudication in addition to the above manifestations. In studies including multiple treatment groups (N = 2), the mean event rate of the treatment groups was used in the meta-analysis. A priori sensitivity analyses of primary outcome included: exclusion of studies investigating Takayasu's Arteritis and exclusion of studies not performing multivariable analyses to account for confounders. The following subgroup analyses were also performed (established a priori): AP versus AC interventions and studies reporting ischemic events at baseline versus those reporting events at follow-up.
Heterogeneity of the included studies was reported as a Q statistic with associated I 2 statistic. Meta-regression was performed using method of moments including the following variables that were decided a priori: age, sex, percentage of participants with cardiovascular risk factors, platelet count, and ESR. A p-value < 0.05 was considered statistically significant. All statistical analyses were performed using comprehensive Meta-analysis version 2 software.
Results
Review of the Literature and Included Studies
Search results and reasons for exclusion are summarized in Figure 1 . A total of 7 studies were included: 6 examining GCA and 1 examining TAK. Of the GCA studies, 5 examined the outcome of severe ischemic events Figure 1 . Search results. and 3 included data on any ischemic event. The lone TAK study examined severe ischemic events. There was no significant publication bias identified (Supplementary Figure 1) . Characteristics of the studies are presented in Table 1 : 4 studies were retrospective cohort studies and 3 were cross sectional studies [23] - [29] . Sample sizes ranged from 48 to 210. Mean ages of study participants was 29 for TAK and 73 -75 for GCA. Overall, 68.0% of study participants were female and 49.8% had at least one cardiovascular risk factor. There were a total of 250 patients who received AP/AC therapy and 709 control subjects who did not. 80.8% of patients treated with AP/AC therapy were on ASA. Of those patients on ASA, doses ranged from 81 mg -500 mg and >60% were taking 325 mg or less. Other AP/AC therapies included 1 patient on ASA in combination with clopidogrel, 4 patients on clopidogrel alone, 7 patients on ticlopidine, 3 patients on triflusal, and 19 patients on a vitamin K antagonist. Three studies investigating AP use on ischemic events included a total of 16 subjects treated with a vitamin K antagonist in the control group. Mean duration of follow up in the retrospective cohort studies was 26.4 -76.5 months.
Assessment of quality for the intervention and outcome of interest revealed 3 studies of low quality [24] [25] [29] and 4 studies of moderate to high quality [23] [26]- [28] for the outcome of interest via the NOS and STROBE guidelines. The low quality studies were cross-sectional analyses. They lacked information with regards to patients' prior history of cardiovascular and/or cerebrovascular events, there was little discussion as to how ischemic events were assessed, they did not address potential sources of bias or control for potential confounders, and in one study not all patients were accounted for in the analysis. The 4 studies of moderate to high quality were retrospective cohort studies with all patients accounted for in the analysis and 3 of the 4 studies controlling for potential confounders.
Efficacy of AP/AC in Preventing Ischemic Events in Patients with Large Vessel Vasculitis
When all studies were combined, the OR of a severe ischemic event (N = 7) was not significantly different in AP/AC treated patients compared to controls, OR = 0.570, 95% CI 0.243, 1.340 (Q-value = 33.00, p < 0.0001, I 2 = 81%) (Figure 2) . Examining any ischemic event (N = 7), there was no significant difference between AP/AC treated patients and controls, OR = 0.594, 95% CI 0.248, 1.421; (Q-value = 33.02, p < 0.0001, I 2 = 82%) (Figure 3) . Six of these studies were of GCA patients, one of TAK patients. The OR derived from the TAK study was 0.315 (95% CI 0.092, 1.079). Removing the TAK study from the meta-analysis did not change the results, OR = 0.66 (95% CI 0.24, 1.66) (Q-value 32.47, p < 0.0001, I 2 = 84%). The above analyses included studies that did not account for cardiovascular risk factors, such as hypertension, dyslipidemia, smoking history, diabetes, and family history of cardiovascular disease, which are potential confounders. Three GCA studies reported results of multivariable logistic regression accounting for significant cardiovascular risk factor variables [26] - [28] . Meta-analysis of these three studies revealed that AP/AC was associated with a significant protective effect for severe ischemic events: OR = 0.298, 95% CI 0.106, 0.839 (Q-value = 10.53, p = 0.005, I 2 = 73% (Figure 4) . The TAK study [23] accounted for cardiovascular risk factors using a Cox proportional-hazards regression model and therefore could not be pooled with the other studies. However, it also showed a benefit to AP/AC therapy with a HR of 0.055, 95% CI 0.006, 0.514; p = 0.011. Authors of the other studies were contacted and data on confounders was obtained from Gonzalez-Gay et al. [29] . We used this data to perform multivariable logistic regression with the following variables: age, sex, hypertension, hyperlipidemia, diabetes and smoking. Risk of ischemic events was not significantly associated with AP/AC (OR 1.596, 95% CI 0.813, 3.135) and when including these results in the meta-analysis the protective effect of AP/AC was no longer significant (OR 0.475, 95% CI 0.148, 1.520) (Q-value = 27.60, p < 0.0001, I 2 = 88%). Table 2) . Comparing the OR of ischemic events between AP/AC and control within 1 month of LVV diagnosis (baseline) and follow-up (26 -76 months) was also performed ( Table 2) . At baseline, there was no significant difference in the OR of ischemic events among AP/AC and control groups (N = 5) (2, OR = 0.87, 95% CI 0.40, 1.92. Three studies provided follow-up data [24] - [26] [28] [29] and meta-analysis showed benefit for AP/AC: OR = 0.18, 95% CI 0.04, 0.83. The majority of patients initiated AP/AC prior to LVV diagnosis; however, three studies included patients who started AP/AC subsequent to the diagnosis of LVV: 1 TAK study and 2 GCA studies. In the TAK study [23] , all patients had AP/AC started after diagnosis. Of the GCA studies, Nesher et al. [28] had 41/73 and Gonzalez-Gay et al. [29] had 29/79 patients treated with AP/AC start therapy after GCA diagnosis. These studies did not separately report risk of ischemic events in patients first started on AP/AC after diagnosis of LVV compared to those never treated with AP/AC. However, data from the authors was obtained from Gonzalez-Gay et al. [29] and the risk of severe ischemic events in patients started on AP/AC after GCA diagnosis compared to controls was: OR 1.414, 95% CI 0.544, 3.672. Meta-regression was also performed to investigate sources of heterogeneity. The mean difference in ORs for any ischemic event was significantly affected by increasing age, excluding the TAK study (Supplementary  Figure 2) . Mean differences in ORs for any ischemic event were not significantly affected by percentage of participants with cardiovascular risk factors, platelet count, or baseline ESR, but analyses were limited by small sample size.
Subgroup Analyses and Meta-Regression
Discussion
This is the first meta-analysis to examine the efficacy of antiplatelet and/or anticoagulant therapy (AP/AC) in preventing ischemic events in Large Vessel Vasculitis. This study suggests that AP therapy has a significant protective effect against severe ischemic events in LVV at follow-up. However, at baseline, studies had discrepant results and the benefit of AP/AC at preventing ischemic events was not significant. One study investigated TAK and this study showed a significant benefit for AP/AC.
The mechanism by which AP could be protective against ischemic events in patients with LVV has not been studied. Low dose ASA has been observed to inhibit thrombosis in cardiovascular disease by inhibiting platelet activation and aggregation as well as improving endothelial dysfunction [30] . This protective mechanism may explain ASA's benefits in TAK as thromboxane B2 levels have been observed to increase in the affected limb of TAK patients and decrease in response to ASA treatment [31] - [33] . In GCA, the pathogenesis leading to occlusive events appears to be different. The activation of T lymphocytes, macrophages, and proinflammatory cytokines has been implicated with subsequent intimal proliferation leading to blood vessel occlusion and ischemic events [34] - [36] . Even low dose ASA has been shown to possess anti-inflammatory effects and could certainly be working through this mechanism [37] [38] . In animal studies in which inflamed temporal arteries were grafted to mice, Weyand et al. (2002) [39] showed that ASA inhibits interferon gamma production, a cytokine that is elevated in inflammatory lesions of GCA.
Due to the low prevalence of LVV and rare incidence of ischemic events, even with broad inclusion criteria, only 7 studies were included in this meta-analysis, all of which were observational in design. Therefore, we lacked power for some of the subgroup analyses. Furthermore, 3 of the 7 studies in this meta-analysis were of poor methodological quality: information with regards to patients' history of cardiovascular and/or cerebrovascular events was missing, a discussion as to how ischemic events were assessed was insufficient, and there was a lack of acknowledgement to potential sources of bias or control for potential confounders. Previous studies have demonstrated an important role of cardiovascular risk factors in the development of ischemic events in GCA [25] [29] . For example, the presence of hypertension in GCA has been observed to increase one's risk of a severe ischemic event [25] . Furthermore, epidemiologic studies have found that cardiovascular disease itself is accelerated in LVV [40] . Controlling for these confounding factors may help to explain some of the discrepancies in the literature examining the efficacy of AP therapy in preventing LVV-associated ischemic events. A priori, we felt it was important to conduct sensitivity analyses removing studies that did not account for confounders; however, this did not significantly change the results.
A priori sensitivity analyses and meta-regressions were performed to help explain heterogeneity. Heterogeneity remained high when analyses were limited to studies with follow-up data or to those that accounted for cardiovascular risk factors. Our meta-regression analyses found that the results were significantly affected by increasing age in GCA. There are several other reasons that may explain the heterogeneity observed among studies: differences in follow-up, types and doses of AP/AC and immunosuppression, disease and treatment duration, disease severity at presentation and population differences (genetics and exposures). In addition, the definition and determination of outcomes varied amongst studies; for example, ischemic events were frequently reported based on symptomatology and only 3 of 7 studies explicitly mentioned the use of diagnostic imaging to objectively assess cerebral ischemic event.
The question of when AP/AC should be started remains unclear. In the TAK study all except one patient were started on AP/AC after diagnosis and AP was shown to significantly reduce ischemic events with a HR of 0.06 [23] . For the GCA studies, 72.8% of patients were initiated on AP/AC prior to the diagnosis of vasculitis, most often because of pre-existing cardiovascular risk factors. As there is no means available to predict development of LVV, primary prevention is not feasible. None of the GCA studies reported the effect of starting AP/AC after LVV diagnosis. However, there was a large reduction in ischemic events, OR 0.18 in LVV patients at 2 -7 years follow-up. Post hoc analyses of data for Gonzalez-Gay et al., which included only patients initiated on AP/AC after diagnosis, failed to show a benefit for AP/AC at decreasing ischemic events.
With respect to adverse events of AP/AC, only 3 studies in this meta-analysis reported bleeding events associated with AP use. There were 4 events in total; these included an intracranial bleed, two gastrointestinal bleeds and another event being attributed to a uterine myoma [23] [27] [28] . More research is needed to examine whether the use of AP/AC in patients with LVV confers a greater risk of bleeding than patients without LVV. In addition, no conclusions can be made regarding AC therapy alone as the majority of patients were treated with AP (80.8% of patients on AP/AC therapy were on ASA). Three of the studies investigating the benefit of AP therapy included a total of 16 control subjects on a vitamin K antagonist, which may have underestimated protective effect of AP in LVV.
In this meta-analysis, we demonstrate a large magnitude of effect of AP/AC therapy at follow-up for preventing severe ischemic events. However, these results must be interpreted with caution: there is only 1 TAK study and 3 GCA studies with follow-up data. In addition, the majority of patients in these studies were started on AP/AC prior to diagnosis of LVV. Future cohorts of LVV patients should report the risk of ischemic events in subjects initiated on AP/AC at the time of diagnosis.
